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LZAD-TDIZ IN MODERN WEAPONS*

Ifny people seen puzzled by our inability to launch a satellite the

day after Sputnik and see each passing month as a measure of U.S.

inadequacy. Without in any way touching either scientific or national

oecurty mitters, this paper deals with the fundamental reason for this

situation--L3AD-TIX or the weeks to years required for the administrative

and physical actions in translating wanting into getting. The present

picture surely presents one thing--we did not decide to launch a satellite

early enough. It does not necessarily mean we are behind in anything

Are than that.

TMe experience should teach us a few things. Among them: the

importance of LZAD-TDU; continuity of effort, even on a relatively mu

scale, buys more than spasmodLc large bursts; and there are some things

for which money oannot fully substitute, like time. All of that is a&gin

a way of saying "LZAD-TDU."

It seems strange that it is so difficult to explain the importance

and the length of the lead-time in research, development, procurement and

production of military aircraft and guided missiles when everyone ts

famillar with the long lapse of ti.e that separates the writing of a

contract from the copletion of bmildings we see in civil life. Thke a

"medin-alsed city office structure, say ton or fifteen stories tall.

From the time that an owner-to-be slna his name to a contract until he

*Invited statement for the Sabcomittee on Fiscal Policy, Joint
momname m1ttee, Congress of the United States.
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takes possession a year, a year and a half, tv years or more my elapse

without anyone considering the delay at all renarkable.

A big, modern office building Is an impressive addition to a local

caomity but it is not an accomplislment that anyone would prpose to

ausure in terms like those to be applied to Sputniks, ICBM's and mace

travel equipment. Raising the capital to pay for a big office building

my not be exactly easy but the details rarely receive the attention

given budget proposals for advanced military equipment.

An office building is not a very complicated structwne, in oaswison

with modern military aircraft and guided missiles. Standard pgad of

steel are used for beams, reinforcement rods and mesh. A large mumber of

suppliers stand ready to sell ready-mixed concrete, sheathing materials

for the exterior, sash, flooring, roofing materials, and every other part

of the structure. The most complicated ite In the struetwre probably

are the elevator and air conditioning systms. Still it takes a year to

tro years or more to complete an office building.

Contrast this with the design and construction of a new kind of

military aircraft or guided missile. If the military itmn is to fulfill

the expectations of its designers, It most outperform anything existing

and hence the engineer must go beyond his ovn experience or the experience

of anyone else. The money market problm Is different, too. Mw need for

the nev aircraft or missile must be justified to eight or ten echelons of

executives, first military and then civilian. If It survives this review

it might, by chance, be Just in time when the federal money aarket--budget

appropriations--is open, once a year. If design should be delayed or it

review is too protracted, the money market msy be closed and no imPOrtaft
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action toward funding it can be taken for another year. At that time, it

vwii have to compete with other designs for available funds.

The steel used In its construction does not come from stock. The

great stzructural strength at temperatures approaching vhite heat needed

in high-perioraance engines requires special steel alloys that are mixed

and melted to order. The words "special" or "made to order" have to be

applied to almost everything that enters into the construction of modern,

high-performance military vehicles. Nothing can be pieced together, cut-

and-try; the veight and performance dimensions of every component have to

be computed long before construction begins.

An engineer designing military equipment might object to what I'm

saying on the ground that it understates the great differences in level

of difficulty in designing and constructing a large but simple structure,

like an office building, as contrasted to a large, precision-mnade, com-

plicated structure like a modern military aircraft or guided missile. He

would be right; I have understated the differences. I have also failed

to explain how these differences in level of difficulty create differences

in the time required to solve the technical problem involved. This vill

always be nearly Impossible to explain in word*; to demonstrate these

propositions properly vould require a behind-the-scenes tour.

I'll have to be satisfied if I can persuade you that if great patience

is needed in awaiting the completion of a simple structure like an office

building, ewes greater patience vill be needed awaiting the completion

of the first military aircraft or guided missile of a new series. Neither

of tbem can be bad off-the-shelf today Just because we want them now.

N0dern military demands are complex and the processes of satisfying

tm are complicated and time consuning. Over the last century the number
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of steps and length of time required for the fabrication of coolete

products has increased many fold. The machine-to-make-the-machine haa

played an Increasingly important role in our meth of production.

Specialization, mechanization, and autcoation, characterise modern

industry, and although they speed up the processes and Increase the output

at the point of final assambly, if we go back a few steps in the method

ve Imediately encounter time-consuming and invvtment-dandln

requirements.

These problms shift the burden from an Individual supplier to the

total economic system and make long period& of time necessar7 for the

acco•pliasment of tasks. When we stand at the end of an asembly 1lne in

an automobile or washing machine plant, we see only the large volue of

finished products turned out each day. The same thing would be true at

an aircraft factory or tank arsenal. rn any of thee* caes, what we see

Is the pinnacle of a huge pyradd of effort vhich brin purchased

5i materiala, hinery, and parts together. ]Bch ome of thee co•onments

is in Itself a small pyramid constructed from the tops of iann rable

other pyramids of production.

TO TMU DDEESION

We lose sight of the else of the pyralmd at the point of final assembly

and are almost unaware of the pyramidal structures involved at each s•e-
ceedingly lower layer. The final product has a time as well s quatity

and quality dimensions and each of the sab-pyramlds has in Itself a major

time dimension. Since it is Impossible to erect amy one of them vlthout

the appropriate foundation, the time measure must be applied not only to

the apex of the pyramid, but also to each one of the building blacks whloh

support the final product.
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We are made aware of both the long-time and investment-demnding

nature of modern production by announcements like a five-year, billion

dollar plan for Investment by an auto maker; an eight-year program

Involving $6W million for the expansion of an oil company. However, we

rarely have an occasion to translate these magnitudes of time into the

automobile or gasoline which we use. We expect the automobile to be on

viev and ready for delivery from the dealer's window, and we know that

we can get the gasoline for it at the nearest pimp. As a result, we find

it hard to take into account the years that vent into the &ca•mplisbment

of the delivery which for us is a matter of moments.

We get a real taste of the lead-time process when we undertake to

repair or build a house. Particularly if we build for our own account

and start with the acquisition of the lot, the drawing of the plans, the

letting of the contracts, and so an until the day of occupancy. That

experience makes us aware of the five to eighteen months involved in the

process. Nonetheless, we tend to view It as something special and do not

draw an analogy from that experience to the time required for making

automobiles and washing machines and never apply it to equipment like

military aircraft and missiles.

A moment's reflection will make us Lemediately aware of how very

simle a house is when compared to a ballistic missile. Even the latest

and most radical Improvements in house design or equipment represent a

inll change from yesterday when compared vith ballistic missiles which

pae Just now being created for the first time. V-21' were used by the

Germans ame than a decade ago. The fact that they are new to the arsenals

Of the U.S. end U.S.S.R. in 1958 is in itself a major measure of the

S" - •- 1 11- -i- -d m m i
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nature and span of lead-time. In the ballistic missile the newness is

striking and leads us to forget that the changes in aircraft, guns and

vehcles are almost equal Wpeat. Zven the newest color television set

represents a minute step forward In c•mprison with the ocommic san time

difensions In equipment for today's soldiers.

MU RISKRCE DDIKSION

In large measure the Improvements In today's products are innovations

rather than inventions. That is, the new idea was researched and invented

may years ago; the thing that is new to us reprsents development snd

application of an old idea as identified In cmparing the V-2 to the UM

and ICBM.

The point can be easily made for those who can recall the push-button

or automatic gear-shift of the Mitchell sad Premier automobiles which

were an the road around 1920. It was twonty-five years or so before those

ideas were developed for general application to passenger automobiles.

Much the same history applies to electric appliances, radio, television,

building materials, etc.

Research and new ideas are Important in all products and processes,

but In the non-military field there Is a very real requirement to prove-

out the idea and test the market before going Into production. In the

military field, ability to "surprise the enemy" or "not be surrlised by

him" Is paramount, so new Ideas must be continuously sought and brouht

into production vithout appotunity to prov-t the fabrication and

operation problem.

)1111tary requiremets therefore must have a much broader research base

t Is required for acnasla. products. The eat-ivitles must Inwlude not
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only new way of doing a job--aircraft, missiles, vehicles, etc.--but

al"o all of tVp material. camw,2ents and processes involved in producing

the new devices. In all of these, continuity is a paramount conkideration

lest a research discovery In one field be too far ahead of the essential

supporting fields to perlmt the quick development sad application of the

new Idea.

EZVKOPNUT AND AITLICATION

New scientific discoveries or Inventions usually are just the beginning

of a large number of steps required first in developing a product and then

find•sg ways of applying the Invention to either established or new ways

of doing the job. Again, a bit of history my facilitate exposition. At

the Oolumblan ksposition a primitive sipper was displayed. By 1912,

patents on the modern zipper had been granted in Easland, Belgium,

Switserland and the U.S. World War I dougbboys bought several million

zipper meney belts. Yet it was not until 1910 and later that zippers

came into vwiespread use on both coasumer and industrial products.

Oew's first reaction to the time it took to get the zipper into

videspread use are either leak of financing, salesmanship or other con-

warcii ad financial considerations. Those factors played a small role,

but ant of the years were required for product development and application

gmiaserIM. AM, product development sad application engineering are

preatleelly always major factors in getting from discovery to utilization.

""a possible ane military products the tim required mast be made as

short a possible. SEartening it requires an and reciaaces, but It Is

imtant to remmmber that no matter how maich mony is spent it

still takes ti.s. As In the ose of researmh, actlumity of effort Is

a prerequisite If the tim reqirement Is to be kept reasm•bly Short.
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Just as scientific d1ms,,ery or Invention is the prelude to development

and appli•oation engineering, so also the sum.sesful cl.etion of the

seend set of steps Is Just the beginni.g of the mmuefat"1n premees.

oe opening paragaphs referred to the five to ei4ttee nmoths reqpired

from start to finish for a private resademee. let us now, toke an ever-

simplif i. look at th time and Integrtion roquixamssts for a nodern now

Mereial afrplaae. Beer In 2mn that resear.h, developnt, and Vmduet

engineering time are not included.

One production has been started, delivery am be mWe in a year eo

two. Mt, the start of production requires two or more added yuars. JO

of the tools take six nouths or aewe for desin and as hiah aoditlemal

time in fabrication. IiRg specification mmterials, forned In special

sMapes, require as mih a a year and soeetle bye for InAtial deliveries.

2hese awe typical of the items ich goe Into the yeas precedIng pre8&wd u .

And aimes the final product Is the sm of its parts, the Ittm with the

longest lead-tme vIll et the ab•e•ute niu a ttime for final delivery.

iJm, money and desire can speed things up, Wt In the end tre Is a

•nta physiceal requirement fer tm.. 3h euienaut lik transport

airraft,, It would be a fortunate situtiom Indeed in vhich the proedue

oul det this below two years.

SSome Idea of the mn utude of thing to be dome m y be hat from

Mrt 1. Mhat Ullustrtion emphasis" a relatively s~le and =ll part

of me of the nweet Jet transports. ApplyIng one's imagination to that

Illustration vill provide on meas ure of th ma.itude at the total Jeb

involved.
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Using timse ever-simpli is llusntmatiomns, we am amn project an

&weout.(,-miai time reqwufr~mt far mottig now munitary epipint

embodvngthlatest soientfi.Ge de- ItTlL

&feiis Ieeroh,

Aernmed to be ..mm~Uswo and therefore ust INWaA" It

this ti"e aobma. V -the bIsh resesavk efflort Is EN sbmgt.,

the time pensity is likely to bme inum..-

AlW in it it amedsiS that Zresserh In materfias, 6"eeem-

ents proseeew and tools Is omtiamu amA adequate. 01w.t

that faemable as~s u*em !W UMLM 1A be "a abeelut.

minim; to nn1 URM m, s likely for Laismoed equIPmat.

With lmik,, Vfs~ tiva ejaeprmmot fidt to held within tie

resemic Qvle, but It is mae likely to mesast least OW MMl

For r'efinmmote at existing eguimmenmt this neednWt be OR

added time 40 A For revonlutioamry new GViP t, OU MM3

W10 - ild be a minims.

Aemami"s addItlams to pleat aM eqqipmmt YIM lUM

would be a short time to got Itot paoduion9~.
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Table I

New ,quiiment Steps and Tim Required in Years

Basic Prouct Product Apyllcat ion

Research Research Develqpent tHOnerlng Mnuacturing
Optimiticl 0 2 1 1 2 3-6

Possible 0 3 2 2 2 5-9

Mlore Likely 0 4. 4 2 3 8-13

•iceptions to the above an be cited, both wherein loss time than the

"Optimistic" illustration and many more years than the "MMre Likely"

nwiber yere required. Precise accuracy Is neither possible nor an objec-

tive here. If this play on steps involved and time to take them conveys

the idea tkat military equipasnt involving new inventions or discoveries

requires smething more than money, the point vill have been made. It

takes years, too.

M OOVUU3MDK M)Y DDUIION

For the military to get the nev equipment, another time factor mast

be taken into account--goverment procedure for approving expenditures or

the federal budgt. Probably nothin seems mor siople and obvious and

then turns out to be are complm and mysterious then the process by vhich

the United States Oovermt grants authority for a military department

to spend money. Since the time to get nev military equipeant is our

Interest here, let us nelect the procedure and emphasise only the effect

this requirsment has an the nmber of years involved.

i
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Assuming adequate research in the basic sciences, the first step Is

product research or the design of equipment which will utilise the

promises of basic research. Although not large of Itself, when the fruits

of science become &s plentiful and expensive as they are tody, the

quantity or funds traditionally made available becomes Inadequate. Vf ve

start today In 1958 we can Increase funds in the budget for fiscal year 1959.

Ryan though the make-ready Is relatively simle In this ares, ompe-

tent personnel must be found, hired, moved to the work place and VA thnough

the security clearance process. All of that take tim--a yea would be

good going. If competent management Is available and has space, equipmont,

supervisory employees, etc., that tim requirment my not be enmmotered.

But, if new sources of capability are to be added, something like another

year should be added. In short, If Congress acts by July, 1958 ve can

expect things to get underway by sumer 1959, with luck, and by early 1960

under more usual conditions.

The foregoing failed to take into account the time necessary to get

the proposal before Congress. It was omitted because It 5 assumed that

In a "cris is," like the present one, normal procedure would be uived.

Under standard operating procedere the Item on which Cogress acts In

1958 bad to originate In the lower echelons of the sponsorIng military

department about two years earlier. From its inceptiou, It would have

travelled up a series of review steps until Incorporated in the depart-

sent's budget. men when on the top of this ladder, a out In departmt

budget could either cmrtail or eliminate the amount for the Item.

The military department s' budget proposal then moves to inlelumin In

the Department of Defense proposal. Again, the Item my be out or elmisted
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specifical• y or become a casualty in an over-all departmental cut. A

similar process then takes place vhen the Department of Defense proposal

Is presented to the Beau of the udget. It is repeated onCe agIn at

the P•esdient's review which for our fiscal year 1959 item was at the

md at 1957.

From the foreping, one my picture both the peesibility of adoption

and the tim required In getting new concepts from the idea to the

L a-cabmit stage. Although not strictly additive, the same time

requrnmmt can be applied to the govenment time dimension for each of

the mmjar steps in Tble I.

Discussions of overment spending are always confused by lack of

pmeis distinction between NOA and Expenditures. They are tvo different

3ev Obligsating Authority - the Right to Spend

Treasury Ipenditures - Me Actual Disbursnt

Ufferenos in timing for each for major equipment requirments for a

mlitary department are shown In Chart, n. Time lAg becomes Identifiable

when m obserm the Korea crisis budget emansieo In F• 1951 and 1952

avgaist the eqienliture Peek In 3.5 a.d 1955. Again., the 195~4 and 1955

dget balancing e,•,ec produce the dwnturn in 7! 1956 and 1957

eliveores despite the Wie umat of nem oblgati authority ranted

In those years.

At the tUm at the orsean tfticultyj, we reacted as thouh Wrld W• .

II mg be starting, and that produced mjor changes In the Nev Oblipt-

W AwstheIty budget. 2ese and eipniures in fiscal years 1950 thromu

_____________________________________________ _____________________ i
.49S. .Ww: - ,
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/ r
/ \New obligating authority

= / •E xxpond itures I

1950 1951 1952 1953 1954 1955 1956 1957

;, Fiscal year

Chart ]]1-Comparison of military equipment

new obligating authority and expenditures

r- by fiscal years 1950 through 1957

; Source! Federal Budget Documents 1950 through 1956; 1957 estimated

•.I

sIl
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197 z4e showm n MoChrt III. As the curves show, expenditures lagged

* substantially behind the granting of authority to upend at first, and

* later expenditures moved to the front.* If these data are compared with

Chrt nI, It vili be noted that the rate-cf-cbsup Is not the seme In

both oases. ftt occurs because Mort III cevere every and all kinds of

exeniures,, Including pay and subsistence, and Mart 11 is major equip-

* ~aun only. Loead-tIme Is a major factor in miltary equipment; it is such

shorter In the case of military manpower expmnditures.

Getting beck to Chart III, we can see the Impact of the Korean

miastice In July, 1953 an FY 19514 NAn 1955 Now Obligating Authority and

MgmendItures. At this point It Is Important to 4p back to Chart II which

truats of major equipment only. It will be noted that equipment expendi-

tures continued Mis In 19514 end 1955 despite cuts In IP3A just as they

expanded sliowly in 1951 and 1952 when NOA me Increased sharply. Both

at these situations are the result of lead-time. Time required to get

predustiom undervay is veil ilustrated by the 1951 through 19514 pattern.

it is Vbt ve can expect apso in 1959 through 1961.

To be sine,, we start from a hiber"as now, but the rate of

scoeleratiom in finished artIeles will follow the same expansion pattern

If ve buy goeds that have beam researched and developed. If vs vote to

expnd research ead dsvelogmsmt, we can anticipate a similar expansion

* ~Pattern reuraless ofho mush nowe Is eppropriated. Knweing It gets

mmestemous,, I memethelees am forced to repeat-emoney cannot be fully

substituted& for time.

ibis ve sart,, as we did In 1Y 1951# It takes time to gut going.

ibM we stop,, as we d&M In M93# It takes time to bring thIngo Into Order

ft. the slwv-dma. Um we start-thea..etop wAn stop-then-start as. we
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have been doing since 1950, we shake, jostle, and jolt our entire

productive process from laboratory through factory. The resulting economic

oests wre very real and the effoot on personnel in military, government,

Industry and scientific pursuits borders on the catastrophic.

Professor Sathies (Hrvard) sumsed it up In recent testimony before

this D ittee. " . . . smthing Is wrong vith our method of budeting

for defense. %a root of the trouble Is that political democracies have

not yet learned to make the sustained defense efforts that are nov needed.

Mile this my be in part an inevitable price we must pay for democracy,

these are various features of the budgetary process that contribute to

the lack of support for an adequate defense effort.

"whe present prooedfres grow out of the requirements of an earlier

nd alaue period of military history. If the Army consists minly of

armed soldiers, the budget can be considered in terms of the number of

soldiers, and supplies, aim, and eamltion per soldier. That still

remils the central Idea in present budgtary procedure, hover

4nappropriate It my be In the day of the hydrogen bomb and the ballistic

missile."*

mlitary equipment today must embody not only the latest development

offafts of our laboratories, but also muet be projected In term of the

neast prmising results now being made available by research. That means

producing ad learning to use .cpl advance equipment vhich Imposes a

' bithies "The Defene Bdeto" Joint ECoomic Camittee,
ft" O0ess, lst Sessio Novembe5

tSwail hern a wth sad StaibilIty, U.S. ovrmn utngOfce,
imgmm D..,P. 552
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heavy time demand at each step In the process fram dreaming up the Idea

to putting it into military use. In accoplishing these objectives,

econmic resonces are extremely Important but cannot be fully substitutod

for time. Our military budget record since 1950 makes that clear. Se

large appropriations made after the Korea crisis in fiscal years 1951 and

1952 did not produce a significant expanslon in deliveries until 1953 ad

1954.

Recent developments abroad have led us to oace aWin want a greatly

Improved esapons' capability. There Is no question that as a matiom we

want and deserve it. However, as this paper has tried to demonstrate, we

cannot get things today just because ve vant them now. Both the nature

of our wants and the administrative processes we use in satisfying thm

require that In the area of complex equipm•nt like satellites,, ballistic

missiles, and space flight vehicles, we recognize lead-time and take

ac,,ount of it. A start-then-stop, stop-then-start type of spending policy

further camplicates the already cplex problem of lead-time in military

equipment and makes it that uch wbre difficult to fill today's requirements.

""N" A


